INTRODUCTION
It has been proposed that sodium ions of the muscle cells are present ii'' their outer regions and the major portion of an outward movement of sodium ions across the membrane of the striated muscles is accounted for an active transport which is dependent on sodium pump activity sensitive to cardiac glycosides (Mullins and Frumento, 1963 ; Csaky, 1965 ; Horowicz and Gerber ). A previous paper by the present author (Noda, 1968 indicated that susceptibility of the pumping-out activity of 22Na ions to ouabain was related to the metabolic level, intracellular or membranous, and this phenomenon was not explained in terms of decalcification from the cell membrane. At present, of course, the problem is still unclear of how cellular metabolism connects with an active transport process of Na or K ions. The experiments described here have been carried out in an attempt to find an answer to the question that does the membrane metabolism yielding energy through dephosphorylation of adenosine triphosphate (ATP) act directly on sodium pump activity to maintain the excitability of the cell or does the active transport require certain macromolecular skeleton of lipoprotein in the membranes of which structural establishment is probably achieved by divalent Ca ions ; in other words, the experiments have been performed to observe ionic kinetics across the membrane of the muscles which were . treated with ouabain or to know the conformational changes of the membrane which allow to occur the effects of ouabain.
In particular, it has been attempted to decide (1) whether Na efflux from the depolarized sartorius muscles includes a ouabain-sensitive component,
whether the metabolism-dependent Na outflux has any relation to withdrawal of Ca ions from the cell surface, (3) whether Na pump system consisting mainly of ATPase which is inhibited by ouabain can use exogenous ATP as its energy source, or (4) whether lipolysis or proteolysis of the muscle membrane has any relation to ouabain-sensitive Na efflux. 105 Ringer and ouabain. Ouabain was also effective in reducing the 22Na of flux which had been previously stimulated by Ca free or Ca free EDTA Ringer. The ratio of the reduction was less than that in Ringer (Fig. 1, left) . (Fig. 1, right) .
METHODS
Ouabain influenced antagonistically on the azide-induced increase in 22Na The actual state of the depolarization, when viewed from the change in 22Na efflux by ouabain , may be varied depending upon circumstances.
A large portion of the 22Na efflux which was increased in the depolarized state was ouabain-insensitive, and when ouabain was applied to the muscles from which 22Na efflux was stimulated the drug appeared to inhibit only an extra portion of 2 ~Na efflux caused by depolarization.
(2) External Ca ion concentration and ouabain action External high Ca++ concentrations countered the effect of ouabain on 22Na efflux but no external Ca++ was not always profitable in occurrence of an inhibition by ouabain (Fig. 3) . The change in 22Na efflux by ouabain was completely restored by soaking with normal Ringer, but the recovery of excitability was not so good as compared with that of 22Na efflux.
The recovery of 22Na efflux changed by ouabain was not so good when increased to 75% in Na-loaded muscles of the frog. In the present experiments, normal exchange of internal Na+ with external K+ across the muscle cell membrane was suppressed by ouabain and Na+ outf lux probably composed of stimulated Na-K exchange and passive diffusion in the Nat loaded fibres was also inhibited by the same drug. But there was a great difference in effective concentration of ouabain, the similar grade of an inhibition being obtained by 0.002 mM in Ringer and by 0.1 mM in Na-loaded muscles (Fig. 4) . Alteration of Na+ concentration inside the cell or at the inner surface of the central part of Na pump system, was connected with the utilization of externally applied ATP.
A transient increase in 22Na efflux was produced by ATP not only in Ringer but even in K free Ringer , and ATP had an effect to cancel the action of ouabain on 22Na efflux at about 1 mM (Fig . 6) . As far as these results were concerned it was probable that ATP contributed to ATP-utilizing system at the outermost region of the membrane . However, because diffusion of ATP into the muscle cells may not occur the response to ATP , if any, was due to surface phenomena including ATPase activity . The application of ATP at 2 mM seemed to cause an enhancement of active 22Na efflux , but this fact might not be explained in terms of an increase in the amount of a substrate for ATP-utilizing system. As is clear from the results of ion content (Fig . 7) , ATP could not sequentially normalize the change in internal Nay content which was caused by ouabain and this inefficacy of ATP became conspicuous with increasing the concentration of ATP applied. At this time, an attempt to clarify the effect of ATP on 22Na efflux in terms of membrane 45Ca kinetics was made. In Ringer the lower the concentration of ATP the greater was the release of 45Ca ions (Fig. 8) , and this fact was contrary to the effect of ATP on 22Na efflux. ATP at higher concentrations revealed rather immobilizable activity for 45Ca ions . Transient decalcification by ouabain was facilitated by ATP at higher concentrations but was canceled by ATP at lower concentrations (Fig. 8) . It was indicated that coexistence of ATP and ouabain hindered membrane Ca from ionizing freely . The stabilization of 45Ca dissociation by K free Ringer was offset additively by ATP (Fig . 9) . The main discrepancy is that ATP at higher concentrations, for example 2 or 3 mM, inhibits 45Ca dissociation in the former but stimulates it in the latter.
45Ca dissociation from the muscle increased in Ca free Ringer was further stimulated by ATP at lower concentrations while it was, to some extent, opposed by ATP at higher concentrations (Fig. 9 ). In addition, there was an action of ATP which favored the normal turnover of membrane Ca++ in Ringer system.
The effect of ATP externally applied was not quite specific for ATP. At lower concentrations ATP probably caused an increase in exchangeable ionized Ca++ from the store whereas at higher concentrations ATP might form ATP-Ca complex attributable to preservation of status quo to prevent further increase in membrane permeability. With respect to 32P movement, ouabain produced insignificant change in it while ATP mobilized 32P remarkably (Fig. 10) . Both effects could be present separately.
The effect of K free Ringer to inhibit Na pump activity on 32P release was further different from the effect of ouabain with the same effect on 22Na efflux.
Ouabain the pump was already blocked by soaking the muscle in Ca free Ringer or 30 mM K+ Ringer. The rate of inhibition by ouabain was relatively less as compared with that in Ringer but did not directly indicate the level of membrane potential. The concentrations of ouabain used may be reasonably equivalent to those for its specific pharmacological action in amphibian skeletal muscles (10-4-10-6M). Horowicz and Gerber have described that the stimulation of Na transport is attributed to membrane depolarization and the inhibition of Na pump by ouabain is not attributed to a competition of ion and the drug. Because ouabain inhibition occurs without significant effect on the resting potential in frog muscles, a low pump rate by ouabain is not always explained in terms of a control of Na pump by membrane potential level. Actually, in accordance with the causes for depolarization, the responsive pattern of 22Na efflux to ouabain application differed evidently even when the level of depolarization was similar.
Ouabain disturbed the process to facilitate 22Na efflux in high K+ or Ca++ free Ringer but modified the stimulated Na-K exchange which was already produced by azide. In summary, ouabain was apparently effective in suppressing 22Na efflux increased by membrane depolarization , but the ouabain inhibition could not be commonly explained in a way of the change in membrane potential level. In the results, ouabain acted so as to inhibit the occurrence of F effect . Because under depolarized conditions membrane K+ sites may be displaced by Na ions as is clear from the change in muscle cation contents , competition of glycosides and K+ for the same site is an unplaucible phenomenon in Ca free or azide depolarization.
As
Ouabain is different from metabolic inhibitors.
The results of the effect of ouabain on 22Na efflux indicate that the change in mechanoenzymatic or molecular conformation by the level of exchangeable Ca++ has no immediate relation to an effectiveness of ouabain. In general, it is accepted that Na+ for Nay exchange diffusion is insensitive to strophanthin, however, the effects of ouabain on 22Na efflux from depolarized as well as Na-loaded muscle indicate that there may be some ouabain-sensitive Na-Na exchange in the frog muscle or there is a possibility of the transition from ouabain-sensitive Na-K exchange to ouabain-sensitive Na-Na exchange . The outf lux of 22Na ions from the muscle in depolarized state clearly contained ouabain-sensitive part although the nature of this part , active or passive, should be exactly determined by the future experiments.
The ouabain inhibition of 22Na efflux appeared regardless of presence or absence of external K ions , and Na free sucrose Ringer allowed to present the effect of ouabain on 22Na efflux.
Next, the availability or utility of exogenous ATP by the membrane which hydrolyzes ATP at the inner surface in the presence of K+ probably through a ouabain-sensitive mechanism was investigated . Active transport of Na ions is followed by dephosphorylation of ATP and all the ATP broken down during Na pumping-out is resynthesized by oxidative phosphorylation. The substrate available for transport ATPase is probably located at the inner surface of the membrane and is formed endogenously.
The ATPase is probably part of a huge complex and there is no evidence that glycoside acts intracellularly.
Even when ouabain is demonstrating its own effect on 22Na efflux exogenous ATP is found to be not utilized as its energy source despite the fact that ATP is of importance in energizing Na extrusion. 
SUMMARY
In the isolated sartorius muscles, some characteristics of active Na efflux were investigated by washout experiments of radioactive Na , Ca or P with special reference to ouabain action, Ca kinetics and ATP utilization . 1) Ouabain affected an accelerated Na-K exchange in the state of the membrane depolarized with Ca++ removal, high K+ or azide. These depolarized states were different in membrane macromolecular conformation from each other when considered from the effect of ouabain on 22Na efflux in every case , and the change in the efflux was not directly interpreted in terms of withdrawal of membrane Cat 2) External Ca ions antagonized the action of ouabain , the relationship between them being probably indirect.
The effective concentration of ouabain in suppressing 22Na efflux was higher in Na-loaded muscles than in normal muscles, and it was assumed that an addition of external K-and ouabain could result in the change in Na+ content by influencing separately on Na pump activity. 22Na net efflux under Na free condition was affected by ouabain and also by externally applied ATP. 3) ATP disturbed the effect of ouabain on 22Na efflux but not on its effect on 45Ca dissociation. ATP may behave as an energy source at lower concentrations and may form certain complex to prevent further release of membrane Ca++ at higher concentrations.
Labile state of membrane Ca++ caused by ouabain was facilitated by trypsinization but not by lipolysis. Ouabain mobilized transiently membrane Ca.
Ouabain may cause the effect on active Na extrusion by influencing on protein portion of the membrane and this change may simultaneously make membrane Ca++ labile. Moreover , ouabain rendered the phosphorous component of the membrane unstable but this fact did not characterize the effect of this drug on 22Na efflux.
